To compare the outcome and complication rates of femoral artery closure and surgical cutdown for endovascular aortic repair procedures (EVAR).
Background
Endovascular aortic repair (EVAR) improves clinical outcomes, as evidenced by reduced operative morbidity and mortality and shorter hospital stays. Thus, this procedure has become the preferred option for treatment of several aortic pathologies, such as aortic dissection, aneurysms and ruptured aneurysms, and traumatic injury, during the past decade [1] [2] [3] [4] [5] [6] . The common femoral artery must be exposed during conventional endovascular repair, and this surgical cutdown (SC) technique increases the incidence of complications associated with the incision [7] . Conversely, the total percutaneous access (PA) technique is minimally invasive and decreases the incidence of complications associated with the incision; moreover, the PA technique has been shown to improve perioperative outcomes [8] . Recently, several randomized and non-randomized clinical trials revealed that the PA technique was associated with shorter operation times, fewer incision complications, and shorter hospital stays compared to the SC technique [2, [8] [9] [10] [11] , and these advantages have been verified in a larger-scale study [12] . Although various femoral closure devices have been proven to be safe and effective [13, 14] , few studies have examined the PA technique in Asian patients undergoing endovascular aortic repair. Thus, the present case-control study examined consecutive patients with aortic dissection and aneurysm undergoing endovascular repair. The perioperative outcome and complication rates of the PA and SC techniques were compared.
Material and Methods

Patients
This was a non-randomized observational study of 55 consecutive patients (43 male) with a mean age of 61.11±12.78 years (range, 54-80 years) who underwent endovascular abdominal aortic aneurysm repair (n=29) or uncomplicated thoracic aortic dissection type B (n=26) between July 2011 and June 2016. Consecutive patients who underwent surgical cutdown for femoral artery access were allocated to the SC group. The percutaneous access group (PA group) consisted of 60 consecutive patients (51 male) with mean age of 58.27±11.60 years (range, 50-78 years) who underwent abdominal (n=39) or thoracic (n=21) endovascular aortic repair using the totally percutaneous technique with Perclose Proglide devices (Abbott Vascular, Inc., Redwood City, CA). All patients were examined using pre-procedural planning computed tomography angiography (CTA). This study was approved by the local ethics committee and institutional review board, and all patients provided written informed consent. All endovascular procedures were performed in the hybrid catheterization room under fluoroscopy by a team of vascular surgeons and interventionists. All data from patients were rendered anonymous.
Inclusion and exclusion criteria
The inclusion criteria were defined as follows: aged older than 18 but younger than 80 years, provided informed consent, abdominal aortic aneurysm with a maximum diameter >5 cm or rapidly expanding abdominal aortic aneurysm, uncomplicated aortic dissection type B (non-acute stage), a suitable ipsilateral common femoral artery for percutaneous access with a Preclose technique, and life expectancy >1 year as judged by the investigator.
Patients with the following conditions were excluded: emergency procedure for aortic disease; circumferential femoral artery calcification; previous surgery on the groin triangle; severe iliac-femoral artery tortuosity; groin infection; traumatic vascular injury; femoral artery aneurysm, arteriovenous fistula, or pseudoaneurysm; allergy to contrast; hemorrhagic disease; active vasculitis; and cerebrovascular accident or myocardial infarction within 3 months.
Procedural
Most patients received local anesthesia, whereas 7 and 5 patients underwent general anesthesia in the SC and PA groups, respectively. Intravenous heparin (50 U/kg) was routinely administered before the procedure and reversed using protamine at the end of the procedure.
In the PA group ( Figure 1A ), all endografts were placed with a total percutaneous technique using a percutaneous arterial closure device, the 6 French (Fr) Perclose Proglide (Abbott Vascular, Inc., Redwood City, Calif). The Proglide device and its use have been previously described in detail [15] [16] [17] . Briefly, a stab wound (approximately 1 cm) was created to enlarge the puncture site, and a subcutaneous tunnel was carefully fashioned with a hemostatic clamp. The common femoral artery can be directly palpated in this tunnel, and an 18-gauge needle was then used to puncture the anterior aspect of each common femoral artery. An 8-Fr introducer sheath was initially inserted using the Seldinger technique, a straight-tip soft hydrophilic 0.035 guide wire was introduced, and the 8-Fr introducer sheath was temporarily removed. The first device was then laterally rotated at a 30-45° angle and deployed in the standard manner, but the Perclose suture strands were carefully extracted from the device and extracorporeally tagged with hemostatic forceps. Before completely removing the first carrier device, a 0.035-inch hydrophilic guide wire was reinserted into the femoral artery via a marked monorail wire tube in situ, and the second Perclose device was then activated. The guide wire was reinserted, followed by the temporary insertion of a 10-Fr sheath to maintain hemostasis. All endovascular repair procedures continued thereafter according to routine practice.
At the end of the procedure, the preformed knots were tightened using a knot pusher according to the recommendations provided by the manufacturer, and temporary hemostasis was achieved by manual compression. After verification of hemostasis, the guide wire was removed. In case of persistent bleeding, a third or even fourth Perclose device was deployed before removal of the guide wire. Distal perfusion was checked, and manual compression was maintained for an additional 5-10 min following banding with elastic adhesive tape or a bandage, and the patients were confined to bed for 6 h.
In the SC group (control group, Figure 1B ), patients underwent endovascular repair procedures via a 4-to 6-cm-long transverse oblique incision located in the groin just below the inguinal ligaments. Both common femoral arteries were exposed, the proximal and distal ends of the vessel were controlled with vessel loops, and the endovascular procedures were then continued according to routine practice. After the sheath was removed, the artery was repaired with 5-0 polypropylene sutures using standard technique. Vacuum drains were placed in the incision, which was closed in layers.
Data collection
A clinical database was prospectively analyzed to obtain patient demographics, operative risks, procedural details, complications, costs, and follow-up information. Local and regional complications were detected clinically and then evaluated by Doppler ultrasound when necessary. The primary endpoint was the technical success rate, which was defined as successful femoral artery closure without secondary surgeries or endovascular therapy within 30 days of the procedure. The secondary endpoint included early access site-related complications (e.g., access site hematoma, pseudoaneurysm, arteriovenous fistula, infection, lymphatic leak, wound dehiscence, and fat liquefaction), anesthesia method, operation time, time to ambulation, postoperative hospital stay (decided by the therapy team), and incision procedure expense (USD). Moreover, postoperative incision pain was assessed using VAS scores (visual analogue scale) 24 h after the operation, in a blinded fashion.
Statistical analysis
Continuous variables are expressed as the mean ± standard deviation (SD), and discrete data are reported as counts and percentages. Continuous variables were compared with the two-sided t test. Differences in categorical variables were analyzed with the chi-squared test or Fisher's exact test. Each access site served as an independent binomial categorical variable relating to the success or failure of closure. Significance was set at P<0.05 and reflected 2-tailed distributions in all cases. Statistical analyses were performed using SPSS software (version 11.0, SPSS, Chicago, IL, USA).
Results
Demographic and baseline data
A total of 180 patients were evaluated, then 115 patients were enrolled according to the criteria (Table 1) ; 60 patients who underwent total percutaneous endograft placement using the Preclose Proglide closure device were enrolled in the PA group, whereas 55 patients treated using a traditional surgical cutdown approach were included in the SC group. The demographic data and baseline data did not significantly differ between the 2 groups (Table 1) . High-risk factors were similarly distributed in the 2 groups. The outcome of procedures
The technical details of the procedures are listed in Table 3 . Specifically, 55 patients (84 groin incisions) underwent SC technique with a technical success rate of 100%, and 60 patients (99 puncture sites) underwent PA technique with a success rate of 97.9%. One patient in the PA group experienced femoral artery occlusion after use of the closure device and was converted to conventional surgical repair, and another patient developed a pseudoaneurysm of the puncture site 1 week after the procedure and was treated with an injection of thrombin under ultrasound guidance. In 3 patients, more than 2 Preclose closure devices were used. Severe complications, such as death, systematic infection, myocardial infarction, stroke, and paraplegia, did not occur in either group. One patient in the PA group developed deep-vein thrombosis (1.67%) 10 days after the procedure; the patient developed calf swelling, which was diagnosed as venous thrombosis by an ultrasound examination, and oral anticoagulant therapy was recommended.
The mean operation times were significantly shorter in the PA group than in the SC group (P<0.01), and the intraoperative blood loss was lower in the PA group (P<0.01). Nevertheless, blood loss was estimated at the end of the procedure and was not an exact value. Patients in stable condition were discharged, and postoperative stays were longer in the SC group Table 4 . The complications associated with femoral artery access in both group.
SC -surgical cutdown; PA -percutaneous access. * P value, SC compared with PA.
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(P<0.01). Incision pain after the procedure was assessed using VAS scores. The patients were administered oral analgesics, and the pain score 24 h after surgery was significantly higher in the SC group (P<0.01). However, the cost of femoral access was higher in the PA group (P<0.01).
Complications associated with femoral artery access
The results of complications are listed in Table 4 . All femoral arteries were assessed with CTA before the procedure and ultrasound after the procedure. Distal embolization or arterial wall dissection was not observed during the study, and arterial-venous fistulae and iliac-femoral artery ruptures were not observed in either group. Two patients developed an incision hematoma in the PA group, which did not require specific treatment and healed completely (2.03% vs. 0%, P>0.05). Other wound complications included 2 lymphatic leaks (2.38%), 2 incision infections (2.38%), 1 incision dehiscence (1.19%), and 2 cases of fat liquefaction (2.38%) in the SC group, whereas none of these complications occurred in the PA group. The incidence of these complications did not differ between groups (P>0.05). In patients who experienced lymphatic leaks and fat liquefaction, wound dressings were applied and nursing care was administered, which allowed incisions to heal within 1 month after surgery. The incision dehiscence was small and healed completely after secondary suturing under local anesthesia. The incision infection was a surface infection of the wound that healed completely after the administration of oral antibiotics and the application of a wound dressing. Surgical incisions in the groin area can also develop skin paresthesia, which was observed in 4 patients in the SC group (4.76% vs. 0%, P>0.05). Although the rates of complications did not significantly differ between groups, the overall incidence rate of complications was higher in the SC group than in the PA group (13.10% vs. 4.04%, P=0.026).
Discussion
Minimally invasive surgery has become popular in vascular surgery, and endovascular therapy is becoming increasingly important for the treatment thoracic and abdominal aortic disease. In fact, endovascular therapy is the main treatment for ruptured aortic aneurysms and aortic injury, and several published reports demonstrated that endovascular and surgical repair result in similar mid-and long-term outcomes [18] [19] [20] . Therefore, totally percutaneous repair may be a better choice for patients with aortic diseases. These findings were confirmed in a recent large-scale study; a high success rate, shorter procedure time, shorter hospital stay, and fewer access complications were observed in patients treated with percutaneous procedures [8, 12] . In our study, the clinical outcomes proved the safety and efficacy of percutaneous procedures with the Preclose technique using the Proglide femoral artery device; in the PA group, the success rate was 98.9% and the clinical success rate was 97.9% 30 days after the procedure. Moreover, the operation times, shorter times until ambulation, shorter hospital stays, and fewer complications were observed in our results.
The surgical cutdown of the common femoral artery is the traditional therapy for endovascular aortic repair and is associated with significant advantages, but wound complications are discouraging, especially in patients with diabetes and obesity. Specifically, the incidence of wound complications varies (2.1% to 22.8%) [7, [19] [20] [21] , and the incidence of access-related complications ranges from 0% to 11% [7, 22, 23] . In the present study, the incidence of complications associated with surgical cutdown was 13.1%. These complications may require interventional therapy and prolonged hospital stay, which increased the cost of care. Most complications, such as infection, fat liquefaction, and dehiscence, completely resolved after intervention consisting of wound drainage, secondary sutures, and oral antibiotics, whereas the lymphatic leaks required careful wound dressing and other treatment to prevent serious complications. Regarding other wound complications, most studies showed that surgical technique is associated with a higher incidence of complications, and some studies reported that the complications were roughly equivalent in severity [9, [20] [21] [22] [23] . Moreover, the surgical cutdown technique may also be associated with more surgical blood loss, but blood loss was evaluated based on the use of surgical suction and gauze in our study, and this value may consequently not be exact. Specifically, blood loss due to surgical cutdown (mean value 175 ml) was higher than blood loss due to the percutaneous technique (mean value 126 ml), which is consistent with previous findings [24] .
Although the percutaneous technique avoids most complications associated with surgical cutdown, it resulted in other femoral access-related complications, which may cause femoral artery closure or technique failure. Access-related complication included groin hematoma, femoral artery stenosis or occlusion, pseudoaneurysm, and fistula, and the incidence of these complications in our study was 4.04%. Previous studies reported that compared to surgical cutdown, use of the femoral artery closure device was associated with larger femoral pseudoaneurysms and no response to ultrasound compression, which resulted in more blood loss and increased transfusion, which are more with surgical procedures [25] . A study report that femoral artery closure devices are associated few technical failures and few late complications occur, and these complications are usually benign [2] . Although groin hematomas do not require further surgical management except for manual compression and limited activity, pseudoaneurysms and arterial-venous fistulae require further therapy, which increases treatment cost and hospitalization time.
The severe complications associated with the femoral artery result in the complete failure of the percutaneous technique. In our study, 1 patient experienced femoral artery occlusion during the procedure and was converted to surgical therapy, and 1 patient developed a pseudoaneurysm and received secondary treatment. In addition, the femoral artery diameter, artery calcification, artery tortuosity, and operator experience are associated with total percutaneous technique failure [26, 27] , and the type of closure device might may also affect the success rate of the technique [2, 8, 13, 28] . In our study, all target and access arteries were evaluated using CTA and ultrasound before the procedures, and we selected the optimal access technique for patients undergoing endovascular procedures according to the inclusion criteria, which avoided failure by selecting appropriate doctors. Moreover, all percutaneous procedures were conducted using the Preclose technique and the Proglide device in our study; our team routinely uses closure devices with sheaths greater than 6 Fr at the end of endovascular procedures, which avoids technical failures due to learning curves. Given the differences in closure devices, identifying the optimal device for percutaneous procedures requires additional studies in the future.
In the present study, most patients who underwent endovascular therapy received local anesthesia, whereas 7 patients (12.7%) and 5 patients (8.3%) in the SC and PA groups, respectively, received general anesthesia. General anesthesia was used based on patient need and the evaluation of the surgical team but was not necessary for percutaneous procedures, which can be performed under local anesthesia with sedation in most cases. Local anesthesia is safe and offers several advantages, and additional data suggest that local anesthesia limits postoperative complications and decreases the overall cost of endovascular aortic repair without affecting morbidity and mortality [29] [30] [31] . Although Geisbüsch et al. reported that local anesthesia is used in 75% of patients, local anesthesia may affect the imaging quality and precise endograft placement [32] . According to our experience over the years, most patients prefer local anesthesia, which also avoids nausea, vomiting, and other complications caused by general anesthesia.
Postoperative incision pain is used to evaluate surgical comfort. In our study, we assessed pain 24 h after surgery using the VAS scores system, which demonstrated that the percutaneous procedure was associated with less pain than the cutdown procedure because the percutaneous procedure only requires a small stab wound approximately 1 cm in size and no scar tissues formed at the groin triangle. Despite the confirmed advantages of percutaneous procedures, this technique is more expensive than the conventional surgical technique. Specifically, the cost of percutaneous closure was $1354 USD in this study, whereas the cost of the surgical procedure was $525 USD. A previous report revealed that femoral access with the percutaneous procedure is associated with higher cost, but the overall cost of the endovascular therapy was similar in the percutaneous and surgical cutdown groups [9, 11] .
Conclusions
In conclusion, patients undergoing EVAR with favorable features for percutaneous closure have a low incidence of woundrelated complications, but this technique was more expensive. Thus, PA procedures might be the preferred choice for selected EVAR procedures. However, our results were obtained from a non-randomized study of a small sample, and these results should be confirmed in future studies.
